The effects of exposure of animals to ammonia on their delayed type of dermal response, the mitogenic and antigenic responses of their lymphocytes, and the bactericidal and phagocytic activities of their alveolar macrophages were examined. Experimental guinea pigs vaccinated with Mycobacterium bovis BCG were exposed to 3.75 ,ug of ammonia per dl of air (50 ppm) or 6.75 jig of ammonia per dl of air (90 ppm), whereas control animals also vaccinated with BCG were maintained in the normal environment. The dalayed type of dermal response to tuberculin injected 3 weeks later was significantly (P < 0.05) less in experimental animals exposed to 6.75 p.g of ammonia per dl than in control animals. In vitro, the response of blood lymphocytes and bronchial lymphocytes to phytohemagglutinin, concanavalin A, and tuberculin stimulation was significantly (P < 0.01) less than the response of lymphocytes from control animals. The response of normal blood lymphocytes to phytohemagglutinin incubated in medium containing 1 or 10 mg of ammonia per dl was significantly (P < 0.01) reduced as compared with the response of lymphocytes incubated without ammonia. The viability of lymphocytes incubated with these concentrations of ammonia was significantly (P < 0.01) affected. There was no significant difference in the bactericidal or phagocytic activities of alveolar macrophages collected from animals exposed to ammonia and control animals. However, ammonia added to the culture of alveolar macrophages from normal animals significantly inhibited their bactericidal activity.
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Animals are frequently exposed to a high concentration of ammonia (a common pollutant of air) in their environment.
Ammonia at a concentration of 1.9 pLg/dl of air (25 ppm) caused a greater incidence of mycoplasmal pulmonary lesions in the infected animals than in control animals maintained in the control environment (2) . The susceptibility of birds to viral respiratory infections also increased after their exposure to 1.5 ,ug of ammonia per dl (20 ppm) (1). Interestingly, ammonia usually does not penetrate to the distal airways (3, 4) . This observation suggests that ammonia might affect the defense system of the host by means other than local suppression of the immunity.
In this study, we determined the effects of exposing guinea pigs to ammonia in air on their immune system. We studied the delayed type of dermal response, antigenic and mitogenic responses of blood and bronchial lymphocytes, and the bactericidal and phagocytic activities of alveolar macrophages. The effect of addition of ammonia to the tissue culture medium on the viability and response of normal lymphocytes to a mitogen and on the bactericidal and phagocytic activities of alveolar macrophages was also investigated. The term ammonia was used to express the total concentration of NH3 and NH4' in an aqueous solution. The concentration of nonionic ammonia (NH3) in the blood plasma is highly pH dependent; at a pH of 7.4, only 2.5% of total ammonia (NH3 + NH4+) is in solution. Each 0.3-U change in pH near the physiological pH range of plasma contributes to a doubling of nonionic ammonia (13 Delayed type of dermal response of ammonia-exposed animals. A significantly (P < 0.05) smaller dermal reaction to injection of PPD at 24, 72, or 96 h was observed in guinea pigs maintained at 6.75 ,ug of ammonia per dl than was observed in animals maintained at 3.75 p,g of ammonia per dl or in the normal environment (Table 1) . Approximately 2 mm of diameter of dermal lesion was observed infrequently at 3 h postinjection of PPD, that usually disappeared at 6 h.
Blastogenesis of lymphocytes from ammonia-exposed animals. Blood lymphocytes from guinea pigs exposed to 3.75 ,ug of ammonia per dl for 3 weeks responded to PHA (18,007 ± 3,466 cpm), concanavalin A (19,522 ± 5,764 cpm), and PPD (11,678 ± 2,542 cpm) as did lymphocytes from control animals (21,824 ± 1,892; 25,289 ± 1,710; and 14,858 ± 2,688, respectively) maintained in the normal environment. The responsiveness of bronchial lymphocytes was similar for experimental and control animals. In contrast, the response to mitogens of blood and bronchial lymphocytes from animals exposed to 6.75 ,ug/dl for 3 weeks was significantly (P < 0.01) lower than the response of lymphocytes from control animals ( Fig. 1 and 2) . The responsiveness to PPD of blood (4,776 ± 512 cpm) and bronchial (907 ± 40 cpm) lymphocytes from experimental guinea pigs also was significantly (P < 0.01) reduced ( Fig. 1 and 2) as compared with the response of blood (7,291 ± 1,272 cpm) and bronchial (1,199 ± 27 cpm) lymphocytes from control guinea pigs.
Viability and blastogenesis of ammonia-exposed lymphocytes in vitro. Ammonia added in various concentrations to the tissue culture affected viability of blood lymphocytes from normal animals (Fig. 3) . Addition of ammonia at concentrations of 1.0 or 10.0 mg/dl significantly (P < 0.01) decreased the viability of lymphocytes, whereas addition of 0.1 mg/dl and lower concentrations of ammonia did not affect viability of the cavian lymphocytes. Addition of 1.0 or 10.0 mg of ammonia per dl to the lymphocyte culture significantly (P < 0.01) reduced response to PHA stimulation (Fig. 4) . In contrast, lower concentrations of ammonia in vitro did not significantly suppress the responsiveness of the lymphocytes.
Bactericidal and phagocytic activities of alveolar macrophages from ammonia-exposed and control animals. There was no significant difference in the bactericidal activity of Bactericidal and phagocytic activities of ammonia-exposed alveolar macrophages in vitro. The exposure of alveolar macrophages to ammonia at concentrations of 1.0 and 5.0 mg/dl significantly (P < 0.01) inhibited their bactericidal activity (Fig. 5) . Other concentrations of ammonia (0.1 and 0.01 mg/dl) did not inhibit bactericidal activity of alveolar macrophages. In contrast, the phagocytic activity was not affected even by high concentrations of ammonia.
DISCUSSION
Lymphocytes from animals exposed to 6.75 p.g of ammonia per dl showed significantly lower responses to mitogens and PPD than did those from control animals, suggesting that ammonia absorbed into the circulation does affect blood lymphocytes. The nonionic form of ammonia (NH3) is more toxic and more readily absorbed by cells than is the ionic form (NH4+), and it is also pH dependent (13) . Unfortunately, nonionic ammonia in solution cannot be determined by direct measurement (12) . In this study, only a small increase of the concentration of ammonia in the blood (ionic form) was observed in animals exposed to 6.75 ,ug of NH3 per dl. Schaerdel et al. (10) environment, indicating that there was absorption of ammonia from the respiratory tract. They suggested that the body compensated for a high environmental ammonia concentration by increasing ammonia metabolism after 8 h of exposure. Therefore, concentration of ammonia in the respiratory tract circulation of exposed guinea pigs could be greater than that in the peripheral blood, which could consequently affect circulating lymphocytes. In rabbits, the increase of ammonia in the blood (3.1 mg/dl), by injection of urease or ammonium salts, was correlated with a decrease of the number of lymphocytes (5) . Based on these observations, it was not likely that stress caused the reduction in responses of lymphocytes from ammonia-exposed guinea pigs. In addition, the ammonia-exposed animals did not show any signs of being under stress during the experimental period.
Addition of ammonia up to the concentration of 1.0 or 10.0 mg/dl of medium adversely affected the viability and mitogenic responsiveness of blood lymphocytes in vitro. These concentrations of ammonia in the blood are considered to be toxic. It has been demonstrated that a concentration of ammonia as low as 5 mg/dl inhibited production of interferon (7), mitochondrial respiration (15), or action of diphtheria toxin (8) . The inhibition of these various activities by ammonia is probably due to alterations at the cell membrane level. The concentration of 0.09 mg of ammonia per dl was found in the blood of normal guinea pigs (14) , and this concentration or lower did not affect the viability and mitogenic responsiveness of blood lymphocytes in vitro ( Fig. 3 and 4) .
Bactericidal and phagocytic activities of alveolar macrophages from experimental and control animals indicated that exposing guinea pigs to ammonia did not reduce these activities. In rats exposed to 7.5 jxg of ammonia per dl (100 ppm), the intrapulmonary killing of staphylococci was also not reduced as compared with control animals (11) . In that study and others (3, 4) , it was concluded that NH3 did not penetrate to the distal airways. In contrast, exposure of normal alveolar macrophages to ammonia at concentrations of 1.0 mg/dl or higher in vitro significantly inhibited their bactericidal activity. According to Gordon et al. (6) , ammonia contributes to the blocking phagosome-lysosome fusion, thus reducing the killing of bacteria.
Exposure of animals to ammonia significantly reduced the cell-mediated response (i.e., dermal lesion). Stimulation of sensitized lymphocytes with PPD causes them to release lymphokines which subsequently attract inflammatory cells to the site of intradermal injection. The results of this study indicate that the responsiveness of blood or bronchial lymphocytes to PPD was reduced in ammonia-exposed animals. Therefore, it can be suggested that in vivo ammonia inhibits the release of lymphokines and the mediation of the specific inflammatory reaction, consequently compromising the ability of the host to eliminate infection.
